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(54) Light emitting diode scanner 

(57) A portable scanning head emits and receives light from a light-emitting diode (10) to read symbols, such as bar-code 
symbols. The optics (12, 18) within the scanner are operative to focus a light beam and the view of a light sensor (17) in 
different planes (13, 22) exteriorly of the scanner housing. The viewing window has an area on the symbols smaller than 
that of the scan spot. The system will still tolerate the relatively large-sized scanning spot without sacrificing reading 
performance since the light sensor (17) sees only that portion of the scan spot visible through the viewing window. The 
scanner may be activated in response to detection of movement of the scanner, e.g. when it is picked up. The bandwidth of 
the processing circuitry may be adjusted in dependence on the detected density of the bar-code symbols. 
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■LIGHT EMITTING DIODE SCANNER 



BACKGROUND OF THE INVENTION 

This invention generally relates to an electro-optical scanning system for 
reading symbols, especially bar code symbols and, more particularly, to noh-laser- 
based scanners operative for.focusing a light beam and the view of a light sensor m - 
different planes exteriorly of a scanner housing. 

It has heretofore been proposed to read bar code symbols, particularly of the 
Universal Product Code (UPC) type, by using laser and non-laser scanners of the type 
disclosed in, for example, U.S. Pat. tios. 4,251,798; 4,387,297; 4,409,470; 4,806,742 and- 
4.825,057, all of which have been assigned to Symbol Technologies, Jnc. the assignee 
of this invention, and are hereby incorporated by reference herein. 

Typically, a laser beam, generated by a laser source, for example, a gas laser 
tube ora semiconductor laser diode, is optically focused by an optical train into a 
generally circular laser beam spot on a symbol. The beam spot is swept by a - - 
scanning component over the symbol and forms a scan pattern thereon. L^ser hght 
reflected off the symbol is detected by a light sensor, e.g. a photodiode, mounted 
together with the laser source, the optical train, the scanning component, and the 
photodiode in a housing, preferably one having a handle to enable hand-held, portable 
operation. * 

The symbol itself is a coded pattern comprised of a series of bars of various 
widths the bars being spaced apart from one another to bound spaces of various 
widths the bars and spaces having different light-reflective properties. Although 
dimensions may vary, depending on the particular application and the density of the 
symbol each- bar and space of a UPC symbol typically used in the retail industry to 
identify retail products measures on the order of thousandths of an inch (mils). In 
practice, the generally circular laser beam spot has a cross-sectional diameter on the 
30 order of 6 to 10 mils. 
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Although the known laser scanners have enjoyed considerable commercial 
success, there is nevertheless incentive to reduce the cost of the scanner unit The 
laser devices produce a very intense light spot of small size, and thus have inherent 
advantages. However, the laser light sources are of relatively high cost compared, for 

5 example, to non-laser sources such as light emitting diodes (LEDs). The use of noil- *'* 
laser sources presents problems, since it is difficult to focus a non-collimated LED 
source to beam spot sizes measuring on the order of mils, at least not without 
resorting to expensive, heavy, multiple-element optical trains or loss of power. LEDs 
can typically be focused to spot sizes on the order of millimeters. However/ using 

LO such a large-sized beam spot to read Tbars and spaces which measure on the order of 
mils imposes a significant burden on the signal processing and decode circuitry- fqr t£e 
scanner. Non-reads and reading errors are likely/ ^ 7 

By contrast, in laserrbased systems, where the laser beam spot dimensions are 
15 on the same, order of magnitude as those of the bars and spaces to be decoded, the 
signal processing and decoding circuitry has no such burden. The photpdiode iii such 
laser-based systems typically "looks" at a large volume of space surrounding the- beam 
spot and in a common plane therewith. 

20 SUMMARY OF THE INVENTION 

It is a principal object of this invention to provide improved electro-optical 
scanners. Another object is to provide improvements in practicality, reliability, 
freedom from errors, and/or cost reduction in low-cost, non-lase£based scanners. An 

25 additional object-is to provide a method of focusing a light beam into a scan spot, 
and to focus the view of a photodiode into a viewing window ; which is sized to lie 
within the scan spot A further object is to provide a method of positioning the scan 
spot and the viewing window in different planes exteriorly of a housing for the 
scanner. In addition, an object is to provide a scanner device which is of low cost 

30 and high reliability, and is simple and convenient to Operate by unskilled users. 
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Further, an object is to provide an improved scanner that automatically adapts to 
varying scanning conditions without operator intervention. 

According to one embodiment of the invention, in keeping with these objects, 
and others which will become apparent hereinafter, one feature resides, briefly stated, 
in a system for, and a method of, reading symbols using an LED type of light source. 
The system includes a light source means, e.g. an LED, for generating a non-laser 
light beam. Focusing means are provided in the unit for focusing the light beam to a 
scan spot of predetermined area at a scan plane that is located exteriorly of the unit. 
The scan spot is positioned on a symbol located in a. working distance grange in the 
vicinity of the scan plane. 

The system further includes scanning means, e.g. a motor-driven mirror, for 
sweeping the scan spot across the symbol in a scan. Thus, light is reflected off the 
symbol in all directions. At least a returning portion of the reflected light travels 
away from the symbol back toward the unit. This returning portion has a variable 
intensity over the scan. 

Sensor means, e.g. a photodiode, in the unit is operative for viewing and 
detecting the variable intensity of the returning portion of the reflected light over a 
field of view. The photodiode generates an electrical signal indicative of the detected 
variable light intensity. Signal processing means processes the electrical signal and 
generates therefrom data descriptive of the symbol. 

Id accordance with one feature of this invention, imaging means are provided 
in the unit for imaging a viewing window.' The viewing window has an area smaller 
than that of the scan spou Ihe viewing window is positioned at a viewing plane that 
is spaced away from the scan plane. Thus, the system can employ an LED as a light 
source and tolerate the relatively large-sized (on the order of millimeters) scan spot 
without sacrificing reading performance since the photodiode "sees" only that portion 
of the scan spot visible through the viewing window. The viewing window is 
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configured to have dimensions on the order of mils, so the photodiode sees only a 
vely 111 cential portion of the scan spot. Hence, me photodiode no .onger sees 
bid volume of space snrronnding the scan spot, but instead, "looks" a, a very smaU 
volume of space within the scan spot 

to a preferred embodiment the focusing means includes a focnsing mirror 
operative to optically form the scan spot to have a generally circular area. Preferably, 
tire focusing minor has a geheraUy spherical reflecting surface. 

. Also, the imaging means includes an apermred wall having an aperture 
adi'acen. a sensor opening of the photodiode or a vety smaU-photodic* Reflected 
S pies through .he aperture en rouu to the photodiode. That is, me aperture 
defines the sensitive area of ihe sensor. 

The imaging means further includes an imaging mirror, preferably having a 
generally spherical reflecting surface. Advantageously, both the focusing m™ and 
I ima^ng -or are mounted in the unit for join, movement by the scannmg 
means longitudinally across the symbol: The scanning means includes a 
Z*J& osciUa^ble scanning component which both mirrors are mounted 
for joint movement about an axis. 

The imaging mirror is mounted on the focusing mirror, and is also angularly 
offset Itive He axis. In a preferred case, wherein tire tigh«*eam ts duected 
al™ firs, optica! axis, and wherein tire viewing window of tire sensor means ts 
Zll ofme imaging means along a sedond optica, axis, ft, angle included between 
^optii - is^ee me angUfar offse. between ft. imaging and focustng nurrots. 

The housing may have a handle no enabie hand-held operation. The hand- 
he.d housing or head is aimahle by a user a. tire symbol u. 
con.ac. witi, or a. a longitudina! distance from a from wan of me head^lus ^devtce 
is optimised for contact use: here the optical pad. is almos. entirely wttiun tite 



i : 

« : 



ft.- 



4 



BEST AVAILABLE COPV 



bousing. In one embodiment, the scan plane and the viewing plane are offset relative 
to one another, near or at the front wall of the housing. 



In another embodiment, the sensor means may include a pair of photodiodes 
for increased zone coverage;, each photodiode having a. sensor opening. In this case, 
the imaging means includes a pair of apertured walls, each having an aperture 
situated adjacent to, or constituting, a respective sensor- opening. The imaging means 
is operative, in this case, for imaging each viewing window of the respective 
photodiodes to a pair of viewing windows positioned in different viewing planes 
exteriorly of the housing. In a preferred application, the "closer-in" viewing plane may 
-be used in the decoding of high-density symbols; whereas, the "mrther-ourvle^g^^. 
plane may be used in the decoding of low-density symbols. ^ 

According to a feature of another embodiment, the characteristics of the bar- - 
code symbols being read are detected, with respect to being high-density or lowr 
density bar code symbols, and the signal processing circuitry is altered in bandwidth in 
response to this detection. In this manner, the bandwidth best suited for reading each 
type of bar code is utilized by the processing circuitry. A wide bandwidth will allow 
more noise to propagate through the processing circuitry, and so the bandwidth is 
narrowed to' use only that which is needed. Low density bar code do not require as 
much bandwidth in the signal processing circuitry as high-density bar codes. 

In order to lower the cost of the bar cbde reader devfce, mechanical and 
electrical parts are eliminated whenever possible. In one embodiment, the trigger 
switch ordinarily used in a hand-held scanner is eliminated by using another technique 
for turning the unit on when the user is ready to read a bar code. A motion sensor 
detects when the user picks up the hand-held unit, and turns on the light source and 
scanner motor in response to this detection. The motor and light source can then be 
turned off by a time-out circuit, or in response to decoding a valid bar code. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features which; are considered as characteristic of the invention are 
set forth' in the appended- claims. The invention itself, however, both as. to its 
construction and its method of operation, together with additional objects and 
advantages thereof, 'wiU\ be best understood from the following description of specific 
embodiments when read in connection with the accompanying drawings, wherein: 

Figure 1 is an. elevation view in diagrammatic form of one embodiment of a 
non^aser^based^svstem for reading bar code symbols according : tp t Jhis invention;. 

Figure 2 is an enlarged view of a viewing window superimposed on a scan, spot 
that, in turn, is superimposed over, a bar code symbol to be read by the, system of 
Figure 1;' ■" ' J ' • ■■ - ■ ■ ■:■ . 

Figure 3 is an elevation view of a scan motor, and mirror assembly used in the 
sdanner of Figure 1; 

Figure 4 is a top view of the scan motor, and mirror assembly of Figure 3; 

Figure 5 is an elevation view of a handheld scanner unit constructed according 
to the embodiment of Figures 1, 3 and 4; • . , 

Figure 6 is an electrical circuit diagram in schematic form of a digitizer circuit 
used in the system of Figures 1-5 according to one embodiment of the invention; 

Figures 7a to 7f are timing diagrams .of voltages appearing in the circuit of 
Figure 6; 
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Figure 8 is an electrical circuit diagram in schematic form of a movement 
detector circuit used in the system of Figures 1-5 according to a feature of an 
alternative embodiment of the invention; 

Figure 9 is an elevation view in diagrammatic form (corresponding to Figure 1) 
of another embodiment of a non-laser-based system for reading bar code symbols; 

Figure 10 is an enlarged view of a bar code symbol with two viewing windows 
and a scan spot (corresponding to Figure 2) for the embodiment of Figure 9; 

"'-^Figure 11 is a top view of a currently preferred. commercial embodiment of the , 
scanner head in accordance with this invention; \ 

Figure 12 is a side view of a currently preferred commercial embodiment of 
the scanner head in accordance with this invention; and 

Figure 13 is an electrical circuit diagram in schematic form of a digitizer circuit 
that may be used in the system of Figures 1-5 according to an embodiment of the 
invention. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

Referring now to Figure 1 of the drawings, a system for reading symbols is 
illustrated. The term "symbol" as used herein is intended to «over indicia composed 
of portions having different light-reflective properties. The indicia may, in a preferred 
case, be the omnipresent UPC bar code symbol, or other codes such as Code 39, 
Codeabar, Interleaved 2 of 5, or other characters. 

The system of Figure 1 includes a non-laser type of light source 10, such as an 
LED of semiconductor light emitting diode. The source 10 produces a non-coherent, 
non-collimated, wide-angle light beam 11 which is focused by a curved mirror 12 onto 
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a plane 13. the bar code symbol 14 to be read is shown in Figure 2, and it is noted 
that a spot 15 of light produced by the focused beam 11 is much larger than the 
nunimum dimension 16 of the bars or spaces of the symbol 14 in the viewing plane. 
A light sensor 17 such as a photodiode is included in the system of Figure 1, and the 
light reflected from the symbol 14 due to light beam 11 is focused by a smaller 
curved mirror 18 onto the detecting surface of this sensor. An apertured wall 19 
blocks reflected light from reaching the sensor 17 except that passing through a sht 
20 This slit is preferably of an elliptical shape, perhaps 6X16 mils in size, to define 
a field view or viewing window 21 for the sensor as seen in Figure 2. The viewing 
window 21 of the sensor 17 is focused by the mirror 18 to be in a plane 22, which is 
axial* spaced fromlhe fbc*plane ^produced by the mirror 12 for the light beam 
11 The symbol 14 to be read is located in the plane ,22, so. the image of the slit 20 
in the plane 22 forms the viewing window 21 on the symbol. Thecal lengths of the 
two mirrors 12 and 18 are* the same in an example embodiment, so the spacing 
; between plane 13 and plane 22 is due to the difference in spacing of the light source 
10 and the sensor 17 from the mirrors. 

the mirrors 12 and 18 are driven by a motor 23 as seen in Figures 3 and 4 so 
that the spot 15 and the viewing window 21 move in the plane 22 across the symbol 

0 14 in a scan line 24 as seen in Figure 2. The smaller mirror 18 is mounted on the 
larger mirror 12 and is angularly displaced in a manner such that a central axis of the 
mirror 18 is displaced by an angle a with respect to a central axis of the mirror 12. 
The light source 10 is on an axis with respect to the mirror 12 which is angularly 
displaced, by an angle A with respect to an axis on which the senior 17 resides. The 

;S angle a is one-half that of angle p. 

He scanned spot 15 resulting from .he light beam 11 is much larger than the 
viewing window 21 of the sensor 17, so only a very smaU part of me iUuminafon b, 
U,e light beam is sensed; of course only a smau part of the reflected Ugh, reaches 
30 ,he phoiddetector. In addition, an LED generally produces a Ugh. beam of lower 
intensity compared to a laser source. Thus, it is important mat the nnrror 12 be 
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laree so that more of the LED light is focused onto the scan plane and the bght 
dens«y in to spot 15 is reasonably high. Note to. to construction of a ryptcal^er 
„ is reversed from to, of Figures 1 and 2; in a laser scanner a bngm, sharps- 
focused laser beam produces a spot of about the size of me rnmton, , 
of me bar code patten, then the pho.ode.e«or employed has a field o 
tt ton me laser beam spot in cou,ras, here to spo. 15 produced by .he hgh. 
beam is large, and the viewing window 21 is small. 

Referring .0 Figure 5, in one embodiment me scanning ^*»^^« 
is mou„.ed in a hand-he.d, gun-shape* bousing 25 which has a hand*, 26 and a barrel 

portion 27:- The sys.em is, in mis ^ ^^^ 

L to. to package containing to bar code symbol 14 is to«dy m 

or snou, end of to housing when to reading operation <akes place. A wmdo^-or . 

» in of to barrel portion 27 of to bousing 25 -:W«Wf 

,o to ligh, beam 11 and to refleced LED light going back .0 to sensor 17 and 
L winnow 28 is placed in contact, or very Cose to, the surface 29 of to package 
tavmg to bar code symbol 14 .hereon. An acrua! window element may be ommed 
57 . may be jus. a hole formed in to housing), or to window 28 may be spaced a 
« such as » inch inside to from end of to housing; .his spacing protec* to 
window from scratching. 

He plane 22 of to image of to sir, 20 is seen to be almost * 
p,ane as tot of to ligh. sensor 17, as to sensor is near to front of 

displaced from to window 28. The mirrors 12 and » and to dnvejnotor 
Tare lun'ed in to bad. end of to barrel 27. The circuity used , .pronto 

e ,e«rical signal produced by to sen** and otor co-nro. orcunry needed m to urn, 
eiecuitui ai B r . Fieure 5 is connected 

is mourned on circm. boards 30 in to handle 26. The urn. F.gur 
to a .erminal or base station by a cable 31 comaining conduce for canymg to 
Icessed bar code da.a, as we.l as voUage supphes for to Ugh. source 10 and mo.or 
rCa^y, an RF link may be used to send to signaU back u> a base stauon, 
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in which case a battery is included within the housing 25, e*. in the handle. In. 
either event, a compact, light-weight, hand-held unit is thus provided. 

Figure 6 depicts a preferred digitizer; Le., a circuit to obtain a digital signal 
representing a bar code front the analog signa! developed by 

photodetector 17, Tire sensor 17 is connected to circuitry for processtng thedertnca. 
Jala produced as a result of the bar code scan Figures 7a to 7f deptc, the stgnals 
appearing at various points in the circuit of Figure 6. 

Figure 7a depicts the original analog signal that the sensor 17 feeds to a 
currenHo^voltage converter 32. The converter 32 feeds the developed voltage totr 

analog signal The differentiator 33 sends this first-derivative stgnaUo an amphfiej* 
wht Zh^ «*» «- nrsfderivaUve signa.. the soUd Une Hgure 7b deptcts 
2 j£L and filtered (and inverted, first-derivative signal This signal is .averted 
lZ**m converter 32. Ute differentiator 33. and the ampUfier 34 recetves « 
input signal at its inverting input . 

The amplified and filtered first-derivative signal is fed to four elements: a delay 
element 35, a peak-locating comparator 36, a false-transfflon ^T>T£\ 
nna a mar*n-<hresho.d circuit 38. The dotted line in Figure 7b ^deptrts the^ed 
first-derivative signal The amphfied first-derivative signa! and 
derivative signal feed me inverting and non-inverdng inputs of me peak-locatntg 
J^Lor.Tespectively. As shown in Ftgure 7b. mere arc pom. In tm« where 
ZZ signal crossrU, they are e,uaL At these crossing points, .bemrtpu. of the 
comparator changes state. Figure 7c depic* me ompu. of me P^v 
£i «JU« * locating comparator 36 feeds this output stgna, to 
a latch comparator 39. 

The false-transition gating comparator 37 also receives me amplified first- 
derivative signa! at its inverting inpu, A feed-back signal h connected to me non- 
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inverting input of the comparator 37. Figure 7d depicts the output of the 
comparator 37. If the false-transition gating comparator has changed state since the 
last change of state of the peak-locating comparator, the latch comparator will change 
state. In other words, the latch comparator only changes state upon the first 
5 transition of the peak-locating comparator following a transition of the gating 

comparator. In this way, noise that might cause spurious transitions on the output of 
the peak-locating comparator do not cause false transitions on the latch comparator 
output unless the noise is big enough to trip the false-transition gating comparator. 

10 The output of the latch comparator 39, is fed through a transistor 40 to an 

output 41. ' Figl^e deplete the signal at the output 41. ^sd, for each point in the 
circuit requiring an analog "ground 42, this ground is developed by an auxiUary circuit 

43. \, 

"" The level at which the gating comparator trips is determined by the amount of 
hysteresis resulting from the positive feedback provided. This level is set to be 
slightly lower than the smallest genuine signal peaks that are expected, but higher 
than the typical noise levels. The peak-locator comparator, on the other hand, is 
provided with minimal hysteresis' so as to insure maximum digitizing accuracy. 

The margin threshold, set by the margin threshold circuit 38, is set to be a 
fixed D.G voltage below zero. The margin threshold circuit 38 acts like a 
retriggerable one shot multivibrator that will not time out Is, long- as there is a 
continuous series of pulses that exceed the threshold. When the pulses stop long 
enough for it to time out, the digitized bar output is forced back to the white (space), 
state. Figure 7f depicts the output of the margin threshold circuit 38. This margin 
threshold circuit 38 provides increased noise immunity in the margin, i.e. the region 
beyond the extremes of the bar code. 

' Referring to Figure 8, a technique for turning the scan motor 23 on and off is 
disclosed. Usually, a trigger switch is employed so that the user can manually initiate 
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the scan operation by squeezing the trigger on the handle of a hand-held scanner unit 
when the user is ready to read a bar. code symbol In the interest of reducing the 
parts count and assembly time, and thus lowering cost and increasing reliability, the 
mechanical trigger switch is eliminated by turning the unit on in response to the unit 
! being picked up by the operator. A motion or acceleration detecting mechanism is 
thus employed, so whenever the unit is laid down on the counter by the user, the 
scan motor 23 and the LED light source 10 are turned off (as by a time out 
arrangement), but when the unit is picked up the motion is detected arid used to 
initiate operation of the scanner. 

> ; ^_„-. . . ',. ..' 

" To this end, the cda : .50*Wtb6.':$Eo|^23 Is connected -through a switch 51 in 
series with the power supply 52, so the motor 23 is energized oniy*When the FET 
switch 51 is turned on. The voltage across the coil 50 is detected by a detector 53, 
however, so that when the motor coil is not energized, any movement of the motor 

> shaft can be sensed, due to a small voltage generated in the coil by movement of the 
rotor past the coils. The mirrors. 12 and 18 are pivoted to rotate freely with the 
motor shaft, and any slight movement when the irotor coil 50 is not energized will 
cause the mirrors to move. The output 54 from the detector 53 is applied to a 
controller 55, and an output 56 from the controller 55 is applied to the gate of the ' 

) FET switch 51 to turn on or turn off the motor. The controller 55 may be ah Intel 
8031 type of microcontroller, for example, and may be the controller used to evaluate 
the digitized bar code signals from output 41 in Figure 6. In addition, an output 57 
from the controller 55 is employed to activate the LED light source 10. An indicator 
light 58 (or beeper) may also be activated by the controller 55 phenra valid bar code 

5 is decoded, demonstrating to the user that the task is completed. The controller 55 
may also contain timing registers used to count down various time-out periods; for 
example, the motor and light source may be automatically cut off after a given period 
since the turn-on initiated by the detector 53, or after a valid bar code has been 
recognized. If the unit is turned off by time-out when the user still has the housing 

0 25 in his hand and is going to read other bar codes, then it will be turned on again 
due to the movement to orient it toward the next bar code symbol. 
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Instead of the contact type of scanner seen in Figure 5; the unit may. be of the 
type held several inches or more away from the symbol to be read, as found, for 
example, by reference to U.S. Pat. NOs. 4,387,297; 4,409,470 and 4,816,660, the entire 
contents of which We hereby incorporated by reference herein. The housing 25 can 
also be incorporated in a stand-alone workstation mounted on a countertop or similar 
support surface for use m other a scan-above, scan^elow. or scan-sideways system. . 
The head can be incorporated in a fixed or adjustable mount instaUation. 

The scanning mechanism including W pivoted- mirrors 12,and 18 mounted on 

the shaft 60 of ^ - 5 " r ^" the - 

symbol 14 in' a scan; and is preferably a : high-speed scanner motor of the type shown 
and described in U.S. Pat. No. 4,387,397, the entire contents oftaid patent being, 
incorporated herein by reference and made part of the instant application. For 
purposes of this application, it is- believed to be sufficient to point out that jhe 
scanner motor 23 has an output shaft 60 on which the focusing mirror 12 is fixedly 
mounted. The motor 23 is driven to reciproeatingly and repetitively oscillate the shaft 
and mirror in alternate circumferential directions about the axis of the shaft 60 over 
arc lengths of any desired size, typically much-less than 360° (The embodiment of 
Figures 1 and 5 uses an angle of about 32'), and at a rate of speed on the order of a 
plurality of oscillations per second In* a preferred embodiment, .the focusing mirror 
12 and the shaft 60 are osdUated jointly so that the scan spot 15 is repetitively swept 
in a linear scan 24 across the symbol 14 lengthwise thereof through an angular 
distance or arcjength at the scan plane 22 of about 32? and afa irate of about twenty 
scans ,to forty oscillations per second. 

Although this invention is being described in connection with a single linear 
scan 24 extending across a symbol 14, it is not intended for the invention to be so 
limited, since various other types of scan pattern may be formed over the symbol to 
be read. The scan pattern, for example, can be a set of mutually parallel linear scan 
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lines, as set forth in copending application Ser. No. 317,533, filed March 1, 1989, or , 
in U.S. Patent Nos. 4,369,361 or 4,387,297. , 

As previously mentioned, each of the bars and spaces of the symbol 14 of the 
density commonly found in the retail industry for. identifying retail merchandise 
measures on the order of a few mils. The scan spot 15, which is focused by the 
focusing mirror 12, measures on the order of several millimeters and, hence, would 
lead to decoding errors, since the scan spot 15, is much too large to reliably detect 
the leading and trailing edges of each bar of the symbol. In laser-based scanners, the 
cross-section of the scan-spot at the symbol -generally measures, from 6- to 10- mils, 
and this.size is generally. regarded . aTgeBgs^ 

reading errors without resorting to complex, highly sophisticated, signal processing 
circuitry or excess power loss. 

Hence, in accordance with- this invention, imaging means are provided in the 
housing 25 for imaging a viewing window 21 of the photodiode 17, the viewing ' 
window 21 having an area smaller than that of, and located entirely within, me scan ; 
spot 15. The imaging means advantageously includes an imaging mirror 18, and an * 
apertured wall 19 having an aperture or slit 20 formed therethrough. The imaging 
mirror 18 is advantageously mounted on the focusing mirror 12 for joint movement 
therewith by the scanner- motor 23 about the axis or the shaft 60. The imaging 
mirror 18 is angularly offset from the axis of the mirror 12 at an angle a. The slit 
20 is located immediately adjacent a sensor opening of the photodiode 17. The 
sensor opening can itself serve as the slit 20. Alternatively, tne photodiode 17 may 
advantageously' be a very small photodetector. Such a small photodetector reduces 
noise, lowers cost of the scanner, and diminishes sensitivity to soiled optics. The sht 

20 in a preferred embodiment, is formed with a generally rectangular or elliptical 
cross-section whose shorter dimension, e.g. 6-mils, is located along the scan direction, 
and whose longer dimension, e.g. 16-mils, is located, transversely of the scan direction. 
The" rectangular slit 20, together with the imaging mirror 18, form the viewing window 

21 with a similar rectangular shape, as best shown in Figure 2. If the slit 20 is the 
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preferable elliptical shape, then the viewing 21 «* — * **» 

shape. 

The toagtag-mirror 18. which also has a generally spherical reQecting surface^ 
oosi^heS window 21 a, a viewing plane 22 that is located e»enorry of the 
ST viewing plane 22 is longitudinaUy spaced away from the scan plan 

TZL, focusing and imaging mirrors ,2 and 18. preferahl, » no, 
L ft. same focal length. The sti, 20 is imaged a. the ««n* » 
motion close to one. ,hereh y resulting * an -mage - £I£ 1 
-u 1* m su Vthe size of the. vieywng-window 21). A nrsi opu^ 

- llet^n the iSfo and & focusing Wrror 12, and a second ^ 
ITS^C with the returning light bean,- between the imaging nnrror 18 
optical axis is ^ included between these first and second optical 

and the photodiode, 17. Hie angle P ™ ^ focus : ng r 

axes is on the order of twice the angular offset a between tne im g B 



mirrors. 



Hence in accordance with this invention, the photodiode 17 "Sees" «J « -ery 
smaU c^Ta portion of the LED scan spot 15. The image of -the photodtode sh, 20 
small central pornon therefore, does not have 

constitutes the actual scanmng spot. The resulting syst m, 
the decoding errors which would be inherent in using a muln-mUbmeter sized scan 
iSL-:-'. viewing window whose dimensions., a, leas, as — ^ 
log dte scan direction, are on the same order of magnitude as those of tire hats 
and spaces of the symbol to be read. 

This mvention is not intended to be limited <o rectangular sUts, since other 
shapes are possible. The shape of the sU, determines the depth of foots and the 
readability of the symbol. 

As shown in the alternate embodiment of Figure 9, ^ ^ 
singl e photodiode. a pair of photodiddes 17a and 17b are provided in the bar code 
^ r , e ach photodiode and apertured wall has associated with .. -ts own tmagmg 



ts BEStT^WW^^ 



r 

L 



to 



minor 18a and 18b which, in turn, form a pair of superimposed viewing windows 21a 
and 21b as seen in Figure 10. The viewing window 21a is more suited for high 
density bar code symbols, whereas the viewing window 21b is larger and more suited 
for low density bar code symbols. The window 21b has a width conesponding to the 
minimum width of feature* of the bar code symbol 14b. Alternatively, the viewing 
windows 21a and 21b may be in different viewing planes 22, offset from each other as 
well as from the scan plane 13; thus, symbols at different distances from the reader 
unit may be brought into sharp focus, thereby extending the working range. 

Figures 11 and 12 depict a currently, pressed, commercial embodiment of a 
scanner head in acconiance with- the present inVention? 5 TO scanning components are 
contained within a casing 62 which is preferably of Ught-weight plastic, yet is sturdy 
enough to withstand the rigors of normal use. All major components may be 
mounted on a printed circuit board 64, These major components comprise a light- 
emitting diode 66, a photodetector 68, a scanning assembly 70, as well as the janous 
electronic and other components to provide the scanning of symbols as described 



herein. 



The scanning assembly' 70 includes a coil 72, a magnet 74, a motor support 
frame 76, a pair of leaf springs 78. preferably of Mylar, a smaller mirror 80, and a 
larger minor 82. The Ught from the LED 66 follows an axis 84 and reflected hgh. 
returning to the scanner from a symbol to the photodetector follows an ax* 86. As 
before, me angle between the axes 84 and 86 is B, preferably about 8°, for example. 
Ught from foe LED 66, reflected by foe larger mirror 82, leaves andjeturns to foe^ 
scanner in a scan plane 88. Toe angle T between foe axis 84 and foe scan plane S* 
is preferabiy about 73" to 8°, for example. As shown in Figure 12, the LED is nlted 
up slightly to provide this angle, in combination with the arrangement of foe larger 



mirror 82. 



To scan a symbol, the coil 72 is pulsed with electrical power a plurality of 
times a second to provide on foe order of 40 scans per second, for example. When 
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the coil 72 is energized, it attracts the magnet 74, which is attached to a mirror 
support frame 90. The mirror support frame 90 supports the mirrors 80 and 82. 
Attracting the magnet 74 into the coil 72 pivots the mirror support frame 90 and the 
mirrors 80 and 82 about a pivot 92. This pivoting action creates torsion stress in the 
leaf springs 78 and, when the coil is de-energized, the leaf springs restore the mirror 
support frame and the mirrors to their quiescent position. Pulsing the coil 72 with an 
electrical pulse train coordinated with, the restorative strength of the leaf springs 78 
provides a smooth, even scan of the desired frequency and scan width. 

As shown in Figures 11 and 12,, the scanner of the present invention requires 
no trigger as in known scanneia^.^^ca^preferai)fe employs the motion sensor 
as described with" regard to Figure 8 which detects when the user picks up the hand- 
held unit, and turns on the light source and the source of the electrical pulse train to 
the coil 72 in response to this detection. The pulse train and light source can then 
be turned off by a time-out circuit, or in response to decoding a valid bar code. The 
motion sensor also may sense when the user moves the scanner to a next bar code 
and thereby initiate a scan. 

Referring to Figure 13, the sensor 17 is connected to circuitry for processing 
the electrical signals produced, as a result of the bar code scan. This digitizer 
circuitry may be of the same general type disclosed in U.S. patent application Ser. 
No. 440,510, filed November 22, 1989, or other such digitizing circuitry as set forth in 
the above-identified patents; for example, such signal processing circuitry can be of 
the type described and claimed in U.S. Pat. No. 4,360,798, incorporated herein by 
reference. However, according to one feature of a preferred embodiment, an 
automatic bandwidth -control is added. The analog signal produced by the sensor 17 
on line 94 is applied to a differential circuit 96 which produces an output that is the 
first derivative of the analog signal. The frequency content or bandwidth of the 
analog signal or the first derivative signal is dependant upon the type of bar code 
symbol 14 being scanned. A high density bar code 14 produces a higher frequency of 
transitions between black and white and so the signal has more peaks and valleys, or 
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the first derivative has more zero-crossings. The output of the differential circuit 96 
is applied to a low-pass filter 98 which has a resistor 100 and a capacitor 102 
connected across the differentiator output. The cut-off frequency of this filter is 
dependant upon the value of the capacitor in series with the resistor, and so in order 
5 to switch this cut-off frequency (and thus switch the bandwidth to which the dt^ 
circuitry responds) and additional capacitor 104 is in parallel with the capacitor J.02 
and a switch 106 provided to remove this capacitor 104 from the filter circuit. When 
a voltage exceeding the threshold voltage of the FET switch 106 is applied to a line 
108 the switch completes the circuit to place the capacitor 104 in parallel with the 
L0 capacitor 102 and thus lowers the cutoff frequency (narrows the bandwidth), but if a 
zero voltage is applied by the line 108 to the gate bFthe ^switch- then the 
capacitor 104 is removed and the cut-off frequency is higher (bandwidth is wider). 
The output 110 from the filter is applied to a zero-crossing detector 112, producing an 
output This signal, again, will have a higher frequency content when the bar code 
15 density is higher, since the number of zero-crossings per unit time is higher. The 

output of the zero-crossing detector 112 is coupled to further processing circuitry ,114 
of conventional type, producing a digitized electrical signal at output 116, -and this 
signal is either sent to the terminal unit by the cable 31, or further processed to 
recognize and recover bar code data in the housing 25 itself. In addition, however, 
20 the output signal of the zero-crossing detector 112 is applied to a detector 118>g.. . 
an integrator circuit and an invertor) to/produce a voltage on the line 108 back to.the 
PET switch 106 that is high for low density bar codes and zero for high density bar 
codes. In this manner, the capacitor 104 is switched out of the circuit when scanning 
high density bar codes, making the bandwidth of the filter wider, or the capacitor 104 
25 is left in the filter when scanning low density bar codes, making the bandwidth 
narrower. Thus, due to the narrower bandwidth, noise is removed from the 
processing circuitry for low density bar code scanning,- making it more likely to obtain 
a valid bar code recognition. 



30 



Alternatively, the bandwidth switching circuitry can be responsive to the ou*ut 
of the bar code recognition arrangement, i.e., downstream of the processor 114. The 
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h», code skmals produced at the output 116 are usually examined to see if a valid 
Z Z « read. A bar code car, be record or distinguished .out no*e or 
Itt printed' oa the M * various method^ - 
For example, the number of transitions per urn. of scan, or the *. of b ^ ^ 
«, unit of scan, can indicate that the pattern being scanned is most Uke y a bar cod 

sin --»^£H£-j£ : 

It will be understood mat. each of the. Cements described*bove, or ^ J 
m ore together, also may find a u*fu. application in other types of consuuctmns 
differing from the types described above. 

WWe the invention has been fflustrated and described as embodied in a Might 

way from the spirit of the present inventton. 

Without further analysis, the foregoing will so fully reveal the gist of the 

that othe« can. by applying current knowledge, readily adapt it for 

tzzz^tjz s- - - r p °r /ft, 

Z Z, JSU essentia, cbaraclerisrics of the generic or specie ^ of ft. 

7™ and therefore such adaptations should be and are mtended to be 
mventton and, therefore, sucn P e(juivalence of the following claims 

comprehended within the meamng and range of equtvaien 

What is daimed as new and desired to be protected by Utters Paten, is set 
forth in the appended claims. 
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CLAIMS 



1. A system for reading symbols, comprising: 

(a) light source means for generating a light beam; 

(by focusing means for focusing the light beam to a scan spot of 
predetermined area at a scan plane and for positioning the scan spot on a symbol 
located in a working distance range in the vicinity of the scan plane; 

(c) scanning means for sweeping the scan spot across the symbol in a scan, 
thereby reflecting off the symbol reflected light, at least a returning portion of which 
travels away from the symbol back in the direction of said source means, said 
returning portion of the reflected light having a variable intensity over the scan; 

(d) sensor means for viewing and detecting the variable mtensiry; of said 
returning portion of the reflected light over a field of view, and for generating an 
electrical signal indicative of the, detected variable light intensity; ^ 

(e) signal .processing means for processing the electrical signal and for 
generating therefrom data description of the symbol; and 

(f) imaging means for imaging a viewing window of the sensor means, said 
viewing window having an area smaller than that of the scan spot, and for positioning 
the viewing window at a viewing plane that is spaced away from .the scan plane. 

2. The system according to claim 1, wherein the light source means 
includes a non-laser source. 

3. The system according to claim 2, wherein the non-laser source is a light 
emitting diode. * 

4. The system according to claim 1, wherein the focusing means includes a 
focusing mirror operative to optically form the scan spot to have a generally circular 
area. 

5. The system according to claim 4, wherein the focusing mirror has a 
generally spherical reflecting surface. 
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6 The system according to claim 1, wherein the sensor means includes a 
photodiode having a sensor opening, and wherein the imaging means includes an 
apertured wall having an aperture adjacent the sensor opening and through which 
aperture said returning portion of the reflected light passes. 

7 The system according to claim 6, wherein the aperture has a generally 
rectangular shape, having a shorter dimension as considered longitudinally along the 
symbol, and a longer dimension as considered in a direction transversely of the 
symbol- 



8 The system according to claim 6, wherein th^aperture has ar generally : 
elliptical shape, having a shorter dimension as considered longitudinally along the 
symbol, and a longer dimension as considered in a direction transversely of the 
symbol. 

9. The system according to claim 6, wherein the imaging means further 
Includes an imaging mirror. 

10. The system according to claim 9, wherein the imaging mirror has a 
generally spherical reflecting surface. 

It The system according to claim 1, wherein the focusing means includes a 
focusing mirror, and wherein the imaging means includes an imaging mirrbr, and 
wherein the mirrors are mounted in the housing for joint movement longitudinally - 
across the symbol. 

12 The system according to claim 11, wherein the scanning means includes 
a reciprocatingh/ oscillatable scanning component 6n which both the focusing mirror 
and the imaging mirror are mounted for joint movement herewith. about an axis. 
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13. The system according to claim 12, wherein the imaging mirror is 
mounted on the focusing mirror and angularly offset relative to said axis. 

14. The system according to claim 13, wherein the light source means 
generates the light beam along a first optical axis, and wherein the imaging means 
focuses the view of the sensor means along a second optical axis, 'and herein the 
angle included between said optical axes is on the order of twice the angular offset 
between the imaging and focusing mirrors. 

15. The system according to- claim 1, wherein the housing has a handle to 
enable hand-held operation, and wherein the housing is amiable by a user at the 
symbol to read at a longitudinal distant fixfra a front wall, and wherein the stan^plane 
and the viewing plane are longitudinally offset relative to the front wall of the 
housing. *** 

16. The system according to claim 1, wherein the sensor means includes a 
pair of photodiodes, each having a sensor opening, and wherein the imaging means 
includes a pair of apertured walls, each having an aperture situated adjacent a 
respective sensor opening, and wherein the imaging means is operative for focusing 
each view of the respective photodiodes to a pair of viewing windows positioned in 
different viewing planes exteriorly of the housing. 

17. A method of reading symbols, comprising the steps of: 

(a) generating a light beam; 

(b) focusing the light beam to a scan spot of predetermined area at a scan 
plane, the scan spoFbeing positioned on a symbol located in a working distance range 
in the vicinity o£ *h* scan plane; 

(c) sweeping the scan spot across the symbol in a scan, at least a returning 
portion of light being reflected, back from the symbol, said returning portion of the 
reflected light having a variable intensity over the scan; 
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(d) viewing and detecting the variable intensity of said returning portion of 
the reflected light over a field of view by sensor means, and generating an electrical 
signal indicative of the detected variable light intensity, 

(e) processing the electrical signal and generating therefrom data 

representative of the symbol; and 

(f) imaging a viewing window of the sensor means, the viewing window 
having an area much smaller than that of the scan spot, and positioning the viewing 
window at a viewing plane that is spaced away from the scan plane. 

18. A method according to claim 17 Wherein ^aid step_of focusing includes 
reflecting the light beam ^bf a curved mirror. " . "" ""^ 

19. A method according to claim 17 wherein said step*of viewing includes 
reflecting said returning _ portion by a curved mirror. 

20. A method according to claim 18 wherein said step of sweeping includes 
moving said curved mirror. 

21 A method according to claim 17 wherein said viewing window has a 
width of about the same size as a minimum dimension of features of said symbol. 

22. A method of scanning bar code symbols or the like, comprising the steps 

^ . generating a light beam by a Ught-emitting'diode and focusing 
said light beam on a spot on a scan plane; " . 

b) focusing reflected light onto a photodetector, said reflected light 
returning from a symbol located in a viewing plane upon which said light beam 
impinges, 

c) limiting said reflected light reaching said photodetector to only a 
viewing window of size much smaller than said spot, said viewing window being 
defined by an aperture in the vicinity of said photodetector. 
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23. A method according to claim 22 wherein said step of focusing said light 

beam on a spot includes reflecting the light beam from a curved mirror. * j 

24. A method according to claim 22 wherein said step of focusing reflected I 
light includes reflecting the light returning from said symbol by a first curved mirror. j 

25. A method according to claim 24 wherein said step of fodising said light 

beam on a spot includes reflecting the light beam from a second* curved mirror, said 1 
first curved mirror being much larger than said second curved mirror. 

26. A method according to claim 25 wherein said first and second curved j 

mirrors are moved jointly to scan said light spot across a long a scaff line. i 

• . - . « 

i 

27. A device for scanning bar code symbols or the like, comprising: ! 

a) a light source including a light-emitting diode for generating a 

light beam for focusing on a spot in a scan plane; ; 

b) a photodetector having reflected light focused thereon, said 
reflected light returning from a symbol located in a viewing plane upon which said 

light beam impinges, j 

c) said reflected light reaching said photodetector being limited to \ 

only a viewing window of size much smaller than said spot, said viewing window being 

defined by an aperture in the vicinity of said photodetector. j 

■* 

28. A device according to claim 27 wherein said light beam iriocused on 
said spot by reflecting the light beam from a first curved mirror, and wherein said 
reflected light is focused on said photodetector by a second curved mirror. 

29. A device according to claim 28 wherein said first and second curved 
mirrors are. mounted together and driven by a scan motor to scan said light beam 

and said viewing window across said symbol. ? j 

.1 

• 24 j 
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30. A device according to claim 29 wherein said viewing plane and said scan 
plane are spaced from one another, and a central axis of said first curved mirror is 
displaced from a central axis of said second 7 curved mirror. 

31. A method of operating a hand-held bar code scanner, comprising the 
steps of: 

maintaining a hand-held scanner device in a quiescent state when the 
device is at rest, with &e device having a scanner motor and a light source which are 

turned off in said quiescent state; .. ., 

detecting movement u o;rsaid device when a user moves tfir^vice toward 

a bar code reading position; 

in response to said step of detecting, turning ofi safif scanner motor and 

said light source. 

32. A method according Iq claim 31 wherein /said step of detecting includes 
detecting movement of a moving member of said scanner motor. ■ 

33. A method according to claim 32 wherein said movement is detected by 
detecting voltage generated in a coil Of said scanner motor. 

34. A method according to claim 31 including the steps of generating a light: 
beam by said light source and scanning said light beam across a ^symbol by said 
scanner motor. 

35. A method according to aaim 32 including the steps of detecting light 
reflected from said symbol and generating an electrical signal responsive to said 
detected light 
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. . . ■ j ;• 

36. A method according to claim 35 including the step of turning off-said j 

light source and scanner motor after said electrical signal indicates a bar code has j I 

been scanned or after a predetermined time period. j ! 

I 

37. A method according to claim 31 wherein said. light source is a light 
emitting diode, and said scanner motor drives, a curved scan mirror to focus a light 
beam from said diode onto a scan plane, and drives a curved collecting mirror to 
focus reflected light onto a photodetector. 

38. A bar code scanner, comprising: j 

i 

a) a hand-held unit having a scanner motor and a light source which i ' 
are maintained in an off condition when the unit is in a quiescent state and the unit 
is at rest; 

- - b) a detector responsive to movement of said unit when a user ■ I ! 

moves the unit toward a bar code reading position; and j ; 

c) a controller responsive to said detector for turafeg on said i 

scanner motor and said light source. j ; 

l * 

39; A bar code scanner according to claim 38 wherein said detector detects 
movement of a moving portion or member .of said scanner motor. 

40. A bar code scanner according to claim 39 wherein said movement is 
detected by detecting voltage generated in a coil of said scanner motor. 

41; J A bar x:ode scanner according to claim 40 whereiij said motor is a rotary 
motor or a resonant motor. 

42. A bar xode scanner according to claim 38 wherein said unit includes a 
light source, and includes a curved mirror driven by said scanner motor for moving a 
light beam across a bar code symbol to be read. 

! 

i . 
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43- A bar code scanner according to claim 42 wherein said light source is a 
light-emitting diode. . 

44. A bar code scanner according to claim 42 wherein said unit includes a 
light sensor responsive to reflected light from said symbol, via a curved mirror driven 
by said scanner motor. 

45. A method of operating a bar code scanner, comprising the steps of: 

a) directing a light beam at a bar code symbol; 

b) detecting light reflected from said bar code symbol and generating 
an electrical signal in response thereto; 

c) passing said electrical signal through a circuit having a selectable 
bandwidth; _ ; : . . v 

d) detecting the density of representations of bar code features in 
said electrical signal to produce a control signal; ^ 

e) changing said selectable bandwidth using said control signal. 

46. A method according to claim 45 wherein said circuit is a filter having a 
capacitance of selectable value to thereby select the bandwidth. 

47. A method according to claim 45 wherein said bandwidth is changed to a 
lower bandwidth when said density of representations is low. 

48. A method according to claim 45 wherein said bandwidth is changed to a 
higher bandwidth when said density of representations is high. 

49. A method according to claim 45 wherein said light beam is generated by 
a light emitting diode. 
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50. A method according to claim 49 wherein said light beam is scanned as a 
light spot across a bar code symbol and reflected light is imaged as a viewing window 
onto a detector to produce said electrical signal. 
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